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The General Electric Model 5GDY34C1 axial flow fan- dynamometer set
was purchased by the Department of Mechanical Engineering of the U. S.
Naval Postgraduate School to be used in laboratory instruction of students
at the school. The objectives of this thesis were the design, construc-
tion, installation, instrumentation and testing of the various components
making up the completed installation, and the determination of the per-
formance characteristics of the fan-dynomometer set. These objectives
have been met. Although those performance characteristics were determin-
ed that could be compared with the typical characteristics provided by
the manufacturer, they by no means represent the limit obtainable. Since
there are many variations of operating conditions possible for the set 8
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g Acceleration due to gravity
Q Volume flow rate
A Area
W Relative velocity vectorj dynamometer force
U Peripheral velocity vector
w Mass flow rate
C Nozzle discharge coefficient
F Velocity of approach factor
d Nozzle throat diameter in inches
F Nozzle thermal expansion factor
Y Adiabatic expansion factor

















a Axial when applied to velocity, atmospheric
when applied to pressure and temperature
u Peripheral component
(20°) Pertaining to blade angle of 20 degrees
H Hourly rate
w Pertaining to inches of water when applied to
pressure, wet-bulb when applied to temperature
s Specified when applied to n and /O
,
static







Seneral Electric Model 5GDY34C1 axial flow fan- dynamometer
set offers students the opportunity to obtain demonstrations of the
principles of axial flow fans and compressors. By varying blade angles
and stage combinations as well as speed it is possible to illustrate the
effect of optimum and off-design operating conditions on the performance
of these types of machines.
The objectives of this thesis were to complete the installation of
the test set-up and to test the machine to obtain a record of its per-
formance under varying operating conditions. Illustrated in this work
are the effects of varying rotor blade angles, stator blade angles,
number of stages and fan speed. Also shown are comparisons of the
characteristics of the machine operating as both a tube-axial and a
vane-axial fan.

2. The Fan -Dynamometer Set.
The Model 5GDY34C1 axial flow fan- dynamometer set was built by
the Locomotive and Car Equipment Department of the General Electric
Corporation at Erie, Pennsylvania. It was intended to be a piece of
comprehensive equipment for college mechanical and aeronautical engineer-
ing laboratories.
The unit consists of an axial- flow fan mounted on a common bed-
plate with a 7-1/2 HP d.c. cradled dynamometer. See Figure 1, page 3.
The maximum speed rating of the fan is 3000 RPM, and that of the dyna-
mometer is 3600 RPM. A field rheostat limits the dynamometer speed to
the fan rating. Because of inadequate ventilation at lower speeds, the
minimum speed of the dynamometer is limited to approximately 500 RPM.
Each stage of the fan contains 24 rotor blades and 37 stator blades.
All rotor blades are identical as are the stator blades. Provision is
made for rotating both the rotor blades and the stator blades to various
angular positions. Two protractor-type templates are provided to assist
in adjusting blade angles. The rotor blade is an RAF #6 propellor sec-
tion with a thickness to length ratio of 12 per cent. The blade has a
4 degree twist from root to tip. Rotor blades are cast individually of
an aluminum alloy and used in the "as-cast" state except at the tip where
they are machined to maintain a nominal 0.015 inch running clearance.
Stator blades, which are made of sheet steel, are shaped in the form of




The fan consists of two stages. The first stage stator mounts
on the pedestal- supported flange. The first stage rotor mounts on
the front-shaft extension and is held by a lock-nut. The second stage
stator flange-mounts to the first stage stator, and likewise, the
second stage rotor flange-mounts to the first stage rotor. The fan may
be disassembled from the front without exposing the bearings and without
disturbing alignment. One "blank" first stage stator, one "blank" second
stage stator, and one "blank" second stage rotor are available. None of
these is equipped with blades. They may be used in substitution for a
particular stage when desired. Also available are one spare each of
first and second stage stators and two spare rotors. These pieces are
equipped with blading and allow the adjustment of blade angles of the
stages for a particular laboratory setup at the same time that the equip-
ment is being used with a different setup.
Reference [l] describes in detail the method of adjusting blade
angles. The manufacturer prescribes the use of a torque wrench in
tightening the lock nuts on the blades after they have been adjusted,
and cautions against exceeding a torque of 4 to 5 pound- feet on the
rotor blades and 8 to 10 pound- feet on the stator blades. However^ the
rotor blades in the machine as received from the manufacturer were found
to be torqued to values exceeding 10 pound- feet, and indeed, it was found
necessary to tighten the lock nuts to about 6 pound- feet in order to
obtain sufficient clearance between the blades and the housing at operat-
ing speed. Caution must be used in tightening the lock nuts to ensure
that the torque applied is sufficient to overcome the friction in the
if
Numbers in brackets pertain to references listed in Bibliography,
page 40.

threads. At such low values of torque it is a simple matter to leave
the blades in an unsecured condition if the torque applied is not
enough to overcome thread friction.
Scribe marks were placed on the protractors corresponding to
the blade angles most commonly used. It was found that this action
was necessary in order to save a great deal of time in adjusting the
blade angles, since it is extremely easy to disturb the protractor
setting even though a locking set screw is provided to prevent this.
Disassembly and reassembly of the stators and rotors can be
accomplished by one person. However, the stators are quite heavy,
and the assistance of a second person or a hoist in handling them
is to be recommended. Care must be exercised in handling these




3. The Discharge Duct.
An annular discharge duct connects the outlet of the fan to the
plenum chamber. See Figure 2, page 6. This duct is four feet in
length. The inside diameter of the outside duct is 18 inches and the
outside diameter of the inner duct is 12-3/8 inches, corresponding to
the dimensions of the fan. The air discharges from the fan through the
annulus and into the plenum chamber. The inner duct is blanked off at
both ends to prevent leakage of air to the inside.
A rotating slip- ring arrangement has been provided in the outer
duct approximately three feet down- stream from the fan. Mounted on the
slip- ring is a stand for a total pressure probe. This arrangement allows
total pressure surveys to be made across and completely around the annulus.
Also, at a location just upstream of the total pressure probe, is a
static pressure tap. Connection of this pressure tap to one side of an
inclined differential manometer, while the other side is connected to the
total pressure probe, allows the measurement of dynamic head in the duct.
Another static pressure tap at the entrance to the duct provides for the
measurement of the fan discharge static pressure. The inner and outer
ducts are separated and maintained in proper relative position by twelve
1/4 inch tie-bolts. These tie-bolts are located at four stations along
the length of the duct. At each station are three bolts equally spaced at
120 degree intervals around the circumference of the duct. Inside the
annulus, the bolts pass through sleeves which act as spacers to maintain
the proper distance between the ducts.
A small dolley is provided for transporting the discharge duct dur-
ing connection and disconnection.
7

4o The Plenum Chamber
The plenum chamber into which the air discharges from the duct is
cubic in shape, measuring four feet on each side. The walls consist
of 3/4 inch plywood supported by a sturdy framework of 2 x 4 s. The
top, which is removable to allow access to the plenum chamber, is
double-walled, having a 1/4 inch plywood inner wall in addition to the
outer wall. In a like manner, the side walls are partially lined with
1/4 inch plywood in a manner and for a reason which will be described
shortly.
The air reaching the plenum chamber through the duct described in
the previous section discharges through an annular entrance into the
chamber. This entrance may be clearly seen in Figure 3, page 9. A
throttling mechanism has been provided inside the plenum -hamber to
allow control of air flow rate from the fan. This mechanism, which is
shown in Figure 5, page 11, closes off the annulus through which the
air flows into the plenum chamber. The amount of closure is controlled
by a handwheel located outside of the chamber. The closure device is a
tapered wooden ring which may be advanced into the annulus so as to de-
crease the flow area.
Situated in the top of the plenum chamber are four flow metering
nozzles. Two of these have throat diameters of 3.875 inches while the
other two are 9.000 inches in diameter. Caps are provided for closing
off nozzles not in use.
Inside the plenum chamber, approximately 10 inches below the noz-
zles are two layers of horizontally-positioned four-to-the-inch wire

















chamber are lined on the inside above the mesh screens, as mentioned
earlier, to maintain uniform flow upward to the nozzles and to re-
tard turbulence at the walls.
There are two static pressure taps in the plenum chamber, one
being located below the f low-straighteners and the other above. The
uppermost tap provides the static pressure reading at the inlet to the
nozzles for determination of flow rate, while the lowermost tap allows
the determination of the pressure drop across the straighteners. This
pressure drop varied from 0.01 to 0.15 inches of water during the per-
formance tests. In addition to these pressure taps which are connect-
ed to manometers mounted on the outside of the plenum chamber, there
is a thermometer located in one wall, indicating inlet temperature
to the nozzles.
The plenum chamber is mounted on four casters to allow movement
of the chamber during connection and disconnection of the discharge
duct. These casters ride in rails to maintain consistent and con-




A speed variator utilizing variable voltage control provides
essentially continuously adjustable speed drive over a wide range.
It consists of three basic parts; a d.c. dynamometer as the driving
motor, a motor-generator set, and associated control equipment.
Speed adjustment from minimum speed to base speed (2000 RPM at
dynamometer rated full load) is provided by means of generator field
control. Adjustment from base speed to maximum speed is obtained by
dynamometer field control. The generator field rheostat and dynamometer
field rheostat are mounted as a unit with a common shaft and control
knob. They are connected mechanically so that as their common shaft is
turned from one extreme toward the other, the arm of one rheostat remains
stationary while the arm of the other rotates. At approximately mid
travel of the shaft, their operations reverse so that for the remaining
travel of the shaft the arm that was formerly stationary rotates and
vice versa. Thus, by turning the rheostat knob from the minimum speed
position through the full travel, the dynamometer speed may be adjusted
between a minimum and a maximum value.
The speed variator power unit may be seen at the far end of the





Upon completion of the design, construction, installation and
instrumentation of the various components of the equipment tests were
first made to determine the ability of the set-up to perform its func-
tion.
Velocity pressure surveys were conducted at various positions in
the traverse plane of the duct using the rotatable slip ring arrange-
ment and the total pressure probe described under the section entitled
"Discharge Duct". From these surveys velocity profiles in the flow
channel were determined. First, radial velocity profiles were estab-
lished at four different locations. Three of these locations were
situated midway between the supporting struts in the duct and the
»
fourth was directly in the wake of one of the struts. The air velocity
was calculated from the equation
V - 2 QcP*
N p
where V is the air velocity in feet per second, p is the velocity
pressure in pounds per square foot, Qc is the conversion constant
2
(32.2 lb -ft / lb -sec ), and /Q is the air density in pourds per
cubic foot. The velocity was then plotted against the radial distance
between the walls of the duct. A typical profile of the flow between
the struts can be seen in Figure 6a, page 15, and a typical profile of
the flow in the wake of a strut is shown in Figure 6b, page 15. These
profiles were obtained with a fan speed of 940 RPM and a flow rate of
about 1625 CFM.
Following this a survey was taken at the mean radius of the flow










Figure 6a. Radial velocity profile
between struts.
Figure 6b. Radial velocity profile
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Figure 7. Velocity profile in peripheral direction around annulus taken
at mid radius of flow channel.
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to velocities in the same manner as described just previously, and
velocities were plotted versus angular position around the annulus.
The velocity profile in the circumferential direction, also taken at
a fan speed of 940 RPM and a flow rate of 1625 CFM, is shown in Figure
7, page 15.
These velocity profiles indicate fairly uniform conditions around
and across the annulus. The irregularities existing in the circumferen-
tial velocity profile are probably due to minor imperfections in the
walls of the duct and to the supporting struts further upstream of the
survey area. These are not considered to be of a serious nature. At
any rate, the results of these preliminary tests were considered suf-
ficient to establish the suitability of the discharge duct.
Following the tests in the discharge duct, extensive tests were
conducted to evaluate the performance of the four flow-metering noz-
zles. Velocity pressure surveys were conducted at the throats of each
of the nozzles. From this information, which yielded a velocity pro-
file for each nozzle throat, the volume flow rate was determined in
the manner prescribed in Reference [2\ . Essentially, this consists
of determining the average velocity existing at the throat and multiply-
ing this by the area of the throat, since Q = AY . These values of
flow rate were then compared with those values determined by measuring
the pressure differential across the nozzles, and assuming that the
discharge coefficients for A.S.M.E. "long radius" nozzles were applicable.
The results from these two methods are described in greater detail in
Appendix A. It is sufficient here to mention that where the A„S.M.E.
16

arge coefficients did not apply, the nozzles were calibrated in
such a manner as to provide accurate indications of volume flow rate.
At the conclusion of all of these tests it was determined that
the equipment was capable of determining the performance characteris-
tics accurately of the fan- dynamometer set. The establishment of these
characteristics is, of course, the primary theme of this work.
Tests were begun to accomplish this end, and the data obtained from
these tests yielded the results shown in Figures 11 through 21 on pages
28 to 38 , Illustrated in these figures are curves demonstrating the
variation of three basic quantities; namely static discharge pressure,
static efficiency and horsepower input with variation of volume flow
rate. Many methods of showing performance have been and are still used
by different individuals. According to Reference [4J , however, the
graph constitutes the best way of expressing performance and is most
generally used.
As is apparent from the curves, the fan characteristics vary markec-
ly with changes in blade angles and stage combinations. The curves for
these various configurations are identified in the following manner.
Each curve is labeled with a certain blade angle- arrangement designa-
tion except those in Figures 20 and 21, pages 37 and 38 , which are label-
ed according to fan speed. In these designations angles of stator and
rotor blades are listed in that order. For example, the designation
64-30 referes to a single stage fan with stator blades set at 64 degrees
and rotor blades set at 30 degrees. 64-25-64-25 indicates two stage
operation with identical stages; stator blades set at 64 degrees, rotor
blades set at 25 degrees. X-30-64-30 referes to two stage operation
17

stage stator; second stage stator blades set at 64 de-
grees, rotor blades set at 30 degrees. Blade angles indicated are measur-
ed in the manner shown in Figure 8, page 19 . All angles are measured
at the midspan point of the blades.
Figure 9, page 20, illustrates the variation of static discharge
pressure, static efficiency, and input horsepower with volume flow rate
for single stage operation at constant speed with the rotor blades set
at 20 degrees and stator blades at 54 degrees. This figure is an ex-
cellent example of the typical performance characteristics of vane-
axial fans throughout ' the range from free delivery to shut-off. As
the volume flow rate is reduced by the throttling device the discharge
pressure increases rather rapidly to a peak value. Further reduction
of the flow rate causes stalling, and instability of flow. This in-
stability persists throughout the remainder of the low-capacity range,
although the discharge pressure recovers after reaching some minimum
value, and increases again right up to the shut off point.
After stalling occurs, the efficiency drops off rapidly. The
input horsepower, which has decreased with the decrease in discharge
pressure, realizes a slight increase in the unstable region and then
assumes essentially the flat characteristic for which the axial fan is
well known.
The stalling of the blades causes a more or less violent instabil-
ity and oscillation of pressure and flow known as surging. This periodic
flow and reversal of flow may take place gently, with instability of
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Figure 9. Performance characteristics of fan for single stage ' operation




bangs and fluctuations of pressure which can rapidly cause structural
damage [5] . In addition, since operation of the fan in the surging
condition results in low efficiency and high noise level, its opera-
tion should be limited to the range between peak pressure and free
delivery to realize the efficient, quiet-operating characteristics of
a well designed vane-axial fan |6| . On the basis of these remarks,
the part of the characteristic to the left of the point of peak
pressure is generally unusable, and in estimating characteristics, it
is conservative to limit the usable part to that range between peak
pressure and free delivery
[ 5| . Because of this, the performance of
the fan in this range only was investigated in all other tests.
Figures 11, 12 and 13 on pages 28 , 29and 30 respectively, illust-
rate the fan characteristics for two stage operation at a fan speed of
1800 RPM. Multi-staging of axial flow fans is generally employed to
keep operating speeds and noise to a minimum for high pressure applica-
tion [7] . In this fan, the available discharge pressure and the capa-
city increase as rotor blade angle. This, of course, is what one would
expect. When both stator blades and rotor blades are in use, the degree
of reaction is greater than unity. The degree of reaction may be defined
as the ratio of the pressure rise in the rotor to the total pressure rise




. When its value exceeds unity there is actually
a slight loss in pressure in the stationary blades. Therefore, any rise
in pressure must be explained by the conditions existing in the rotor.
It can be shown that the pressure rise in a rotor is proportional to both
the axial velocity through the rotor and the change of the whirl components
21

of the relative velocities into and out of the rotor. With constant
stator blade angle the inlet whirl component remains fixed. However,
as the rotor blade angle increases from 20 degrees to 40 degrees, the
whirl component leaving the rotor decreases. This may be readily seen
in the velocity triangles shown in Figure 10a on page 23. These velo-
city triangles, comparing conditions for rotor blade angles of 20 de-
grees and 40 degrees, were constructed using the known values of the
angle of the relative velocity vector, VV leaving the rotor blade, the
peripheral speed, (J and the axial velocity component, V^ . This lat-
ter quantity was determined by a measure of the velocity pressure by
the total pressure probe in the discharge duct while the fan was operat-
ing in the free delivery condition. Naturally, the value determined in
this manner is not exactly equal to the velocity at the rotor, because
of losses, but it is close enough to demonstrate the action.
For a constant value of the whirl velocity going into the rotor
then, the pressure rise increases with decreasing value of the whirl
component out and with increasing axial velocity. Actually, this is
only a qualitative analysis of the phenomenon, but it is sufficient for
the scope of this work.
In a like manner, the volume flow rate varies as the axial compon-
ent of the velocity out of the fan since Q-h\fp^ . Therefore, with
greater rotor blade angles and subsequent higher densities and larger
values of the axial velocity, greater capacities are realized.
The power delivered to the fan is likewise dependent on the
change of whirl components across the rotor. Therefore, by a similar
analysis as that used to explain the higher pressures, we can also explain
22

Figure 10a. Comparison of whirl components Wu of relative velocity-
vectors W leaving rotor blades while fan in free delivery
condition for two different rotor blade angles.
W Ul (54.)
Figure 10b. Comparison of whirl components W^ of relative velocity
vectors W^ entering rotor blades while fan delivering
equal flow rates for two different stator blade angles.
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the higher values of input horsepower required for the larger rotor
blade angles.
In Figures 14, 15 and 16 on pages 31 , 32 and 33 respectively, are
shown the effects of increasing the number of stages in the fan while
maintaining its speed at a constant value. We see that for stator
blade angles of 64 degrees and rotor blade angles of 30 degrees, the
discharge pressure is doubled by adding an additional stage to the
single stage fan. Again, the axial component of the velocity out of
the fan is greater in the two stage operation than with the single
stage, yielding greater capacity for volume flow rate. As is to be
expected, the ratio of the flow rates for the two conditions at free
delivery is almost exactly equal to the ratio of the axial velocities.
Not only is the peak pressure doubled when adding a second stage,
but so is also the required input horsepower. The work added in each
stage should be approximately equal, so this would, therefore, be a
logical result. It should be noted that for equal volume flow rates,
the two stage fan is more efficient than the single stage. This is due
to the fact that the percentage increase in pressure realized with the
addition of the second stage slightly outweighed the percentage increase
in power required.
Turning to the comparison of the two stage fan without inlet guide
vanes, with the single stage operation with rotor only, we see that the
addition of another rotor with guide vanes between the two stages, again
doubles the pressure available at any flow rate. Also, for a given
system resistance, it makes possible higher flow rates because of this
24

fact. This, of course, is true of the previous comparison made, also.
It deve lopes that the additional power required for the added stage
is great enough to lower the efficiency of the two stage fan without in-
let guide vanes below that of the single stage for a considerable por-
tion of its useful range.
Using the results shown in Figures 14, 15 and 16, pages 31, 32
and 33, we can also draw some conclusions about the operation of fans,
single and two stage, with and without inlet guide vanes. For instance,
for two stage operation we find that the addition of inlet guide vanes
to a fan without them will raise the available pressure and increase
the capacity under free delivery by about 19 per cent from 3700 CFM to
4400 CFM. This calls for an increase of power input, but results in
overall operation considerably more efficient (about 14 per cent) than
that without the first stage stator vanes. The increased efficiency may
be attributed to the air being directed against the rotor blades in the
first stage at a much more favorable incidence due to the guide vanes.
In like manner, the presence of Inlet guide vanes in the single
stage fan raises the available pressure over that obtainable without
the stator blades, and increased capacity is realized. The incidence
of the incoming air upon the moving blades when guide vanes are absent
is such to probably cause separation at the higher flow rates with re-
sulting loss of pressure and efficiency even though the efficiencies for
both types of operation appear to peak at the same value (but different
flow rates). The results of these two methods of operation serve to Il-
lustrate the difference between the characteristics of tube-axial and
vane-axial fans. Tube-axial fans are those axial flow fans provided with
25

a casing of some type in which the rotor turns but in which there are
no stationary blades. Vane-axial fans are similar to tube-axial fans
except that they are provided with stationary blades or vanes either
before or after the rotor.
The comparison of the basic quantities for single stage operation
with various rotor and stator blade angles is shown in Figures 17, 18
and 19 on pages 34,35 and36 . First, the effect of varying the stator
blade angle with constant rotor blade angle will be discussed. It is
apparent for both rotor blade angles shown, that as the stator blade
angle is decreased the capacity increases, as does the pressure avail-
able at any given flow rate. The reasons for this can be clearly seen
by studying the velocity triangles shown in Figure 10b, page 23. These
triangles indicate the nature of the flow for rotor blade angle settings
of 20 degrees and stator blade angle settings of 54 and 74 degrees.
For equal flow rates, or in other words equal axial velocities, it is
obvious that the change in whirl components for the 54 degree setting
is considerably greater than that for the 74 degree setting. Of course,
the 64 degree setting would fall between the two. Thus, for equal flow
rates, the 54 degree setting produces the highest pressure of the three
settings.
For equal pressures, we see that the 54 degree setting produces the
highest flow rate. This is due to the fact that since this blade setting
is capable of producing higher pressures it can push more flow through
the system, the resistance of which increases with volume flow. Express-
ed another way, since higher pressures are available, the system resist-
ance limits the flow at a higher flow rate.
26

For a given setting of the stator blades, the variation of the
characteristics for increasing rotor blade angle is easily explained
with the same arguments as used in the case of two stage operation
earlier, since we see that, in like manner, the pressure available and
the capacity increase with increasing rotor blade angle.
The explanations for the performance characteristics presented
thus far apply only to the range of blade angles and stage combina-
tions tested, naturally. One could not expect to obtain higher pres-
sures and capacities indefinitely merely by increasing rotor blade
angle, for instance. At some point this trend would, of course, re-
verse itself when the flow conditions in the fan ceased to improve and
again worsened.
Typical performance characteristics similar to those shown in Figures
11 through 19, pages 28 through 36 , are provided by the manufacturer
in the instruction book. The curves provided, however, are not guarante-
ed, and except to mention a similarity, there is no point in making a
comparison of the characteristics determined here with those provided.
In Figures 20 and 21, pages 37 and 38, the performance of the fan
both as a single stage and a two stage unit at various fan speeds is shown,
These figures are good examples of typical axial flow compressor "maps 1".
The lines connecting the stall points represent the "surge lines" or the
limiting boundaries to the usable ranges of the fans. The points at the
other ends of the constant speed lines represent the limits of flow obtain-
able. That is, for the speed concerned, no higher flow rate can be pro-
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Figure 11. Variation of static discharge pressure with volume flow rate for
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Figure 12* • Variation of static efficiency with volume flow rate for various
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Figure 13. Variation of input horsepower and volume flow rate for various
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Figure 1U. Variation of static discharge pressure with volume flow rate for
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Figure 1§. Variation of static efficiency with volume flow rate for various
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Figure 16. Variation of input horsepower with volume flow rate for various
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Figure 17. Variation of static discharge pressure with volume flow rate for
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Figure 18. Variation of static efficiency with volume flow rate for various
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Figure 19. Variation of input horsepower with volume flow rate for various












































1 1 1 1 1
1
1000 2000 3000 UOOO
Cubic Feet per Minute
5000 6000
Figure 20. Characteristics of two stage operation at various fan speeds.
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Figure 21. Characteristics of single stage operation at various fan speeds.
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7. Conclusions and Recommendations.
The installation of the equipment has been completed. Sufficient
testing has been performed to be able to conclude that the existing
facilities are adequate for use of the fan set-up for laboratory instruc-
tion. A wide range of characteristics of the performance of the fan
under varying operating conditions have been obtained and recorded.
In the opinion of the writer, it would seem to be of interest in
the future to fabricate different types of blades for use in the fan.
This would offer the advantage of being able to demonstrate the perfor-
mance of fan stages with different degrees of reaction, i.e., 50 per cent
reaction and zero reaction. Naturally, this would call for careful atten-
tion to the operation of the machinery to ensure that the equipment is
not overloaded.
In the use of the set-up for laboratory instruction, it is recom-
mended that a minimum of four hours be allotted for any given group of
students. At least two hours would probably be needed to allow for
preliminary instructions and the recording of data for a particular fan
set-up at perhaps three different speeds. If it is desired to run tests
for varying set-ups, a minimum of 1-1/2 hours should be planned for change-
over of the fan. These considerations will, of course, be dependent on
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1. Air Flow Calculations,
The flow metering nozzles in the plenum chamber were used to
determine the volume flow rate from the fan. Before this could be
done, however, it had to be established that the nozzles would indi-
cate the flow rate accurately. This was done by obtaining the flow
rate from velocity surveys at the throat of the nozzles as mentioned
in Section 6, and comparing these results with the flow rates indicated
by the pressure differential across the nozzles.
Reference |3] describes the method of determining volume flow rate
for A.S.M.E. long radius nozzles. The mass rate of flow, iA)^ in pounds
per hour is determined by
«M - ^9CFd L F0S_Ya Jh^ (l)
where C. is the nozzle discharge coefficient, F* is the velocity of
approach factor (equal to unity in this case), C) is the diameter of the
nozzle, F^\ is the nozzle thermal expansion factor (also equal to unity),
Ya is tne adiabatic expansion factor, which may be considered to have
a constant value of 0.999 with negligible error, r)w is the differential
head across the nozzle in inches of water at 68F, and D is the air density
in pounds per cubic foot. The volume flow rate, Q in cubic feet per
minute can now be determined by
Q ~ Coop <2 >
Reference 3 points out that if the throat Reynolds number exceeds








If the density yO is taken to be the standard density of .075
pounds per cubic foot,
Q= 21,6 dVk <4 >
or for a given nozzle diameter it is equal to the product of a constant
and the square root of the differential head.
Q = K^K < 5 >
Taking logarithms of both sides of equation (5), we have
In Q = In K 4- /z In h w (6)
If this relationship is plotted on a logarithmic graph a straight line
with a slope of 1/2 is obtained. If the value of the constant is deter-
mined for each nozzle and each combination of nozzles used, a family of
straight lines representing these combinations may be plotted.
This type of presentation is shown in Figure 22, page 44,
The experimental points indicated represent the actual values of flow
rate as determined by the velocity traverses at the nozzle throats. It
was found that the curves would accurately predict the flow rate for all
cases except for the combination of the two large nozzles in use at once.
In this case, the slope of the line on the logarithmic plot apparently is
not equal to 1/2. Therefore, the three experimental points obtained for
this combination were used to establish a calibrated curve which can now
be used to determine the flow rate for a given differential head.
For the two small nozzles, the range in which the throat Reynolds
number exceeds 200,000 is quite limited, as indicated. However, the ex-
perimental data for these nozzles appears to indicate that their usable
42

range extends to include Reynolds numbers less than 200,000.
The numbered designations of the nozzles are indicated in Figure
23 on page 45.
The volume flow rate from the fan at a given plane varies directly
as the speed. When the test speed is not exactly constant throughout
a run, or when it differs slightly from the value desired, the volume
H /flow rate must be corrected by the factor /Y\ where is the
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Figure 22. Variation of volume flow rate with pressure differential
across flow metering nozzles. Solid lines indicate variation


























2. Discharge Pressure Correction.
For a given position of the throttling device^the pressure at any
point in the duct varies as the square of the speed and directly as the
density at that point. The fan static discharge pressure must therefore
be corrected for varying speed and density.





where /0/' is taken as the density of dry air at 70F and 29.92 inches
(equal to 0.07494 pounds per cubic foot), P^ is the air density at the
fan inlet during the test, V\ 5 is the specified speed, and H* is the
test speed, p^ may be determined in the following manner.
7/
,754 T,
where b^ is the barometric pressure in inches of mercury at 32F, \(X
is the air temperature in degrees F abs, b^ is the partial vapor pressure
in the atmosphere in inches of mercury.
P&- ( tfl. - tw)
pp - h - 2-100
where (bj is the saturated vapor pressure at the wet -bulb temperature
in inches of mercury, "t^ is the dry-bulb temperature in degrees F




3. Power Input Calculations.
The power input delivered to the fan coupling may be calculated




where 1_ is the length in feet of the dynamometer torque arm from shaft
center to knife edge, W is the force in pounds measured at distance
1_ , and H is the speed in revolutions per minute. Since the dyna-
mometer torque arm is equal to 1.31 feet, equation (8) simplifies to
_ V\/nM D
Power input varies as the cube of the speed and directly as the
density. Therefore, the calculated horsepower must be corrected for
varying speed and air density.










4. Static Efficiency Calculations.
The static efficiency of the fan compares the output power to the
input power. The product of volume flow rate and pressure yields the
output power. Input power is as determined by the dynamometer.
Q*fc
-.&?* 144






where h s is the static efficiency, Q is the volume flow rate in
cubic feet per minute, and Pe, is the fan static discharge pressure in
inches of water. The quantities o^
,
p~ , and MR,^ are all
i
o 5






The calculations shown in this appendix constitute a sample of
those required in the determination of the characteristics described
in earlier sections. The input data for these calculations were obtain-
ed from operation of the fan with a single stage at 2400 RPM. Stator
blades were set at 54 degrees, and rotor blades were at 20 degrees.
Results of the calculations are tabulated here and shown in graphical






2 2410 4.05 2.63 0.92 2,4
3 2410 3.85 3.16 0.69 2,4
4 2410 3.80 3.42 0.58 2,4
5 2410 3.55 3.45 0.48 2,4
n is fan speedI, RPM
w is force on dynamometer torque arm, pounds
ps is static discharge pressure, inches of water
M
vv
is differential head across flow nozzles, inches of water
NOZ is the nozzle combination in use
I \ = air dry-bulb temperature = 71F
"Cyy = air wet-bulb temperature = 61F
barometric pressure = 30.30 Hg




Sample calculations are for run No. 1.
(1) Determine v_^ from Figure 22, page 44.
Q = : ) CFM
(2) Correct y for specified speed.
Q= 3710 a -^ = 3710 a—^ -
24-00
(3) Determine A)x .
Pj = .5401 " Mg
correct |^\ to 32 F using barometer correction tables-
_
i]
= 30. 30 -.135 = 30.l<b5 \4q \t 32 F




(4) Determine input horsepower.
HP =
240O
x 4.05 = 2.43 MPn
in 400O
(5) Correct input horsepower for specified speed and density.
(6) Correct p?s f° r specified speed and density.
= >-7S
* (t^ffX 7W = 1-78 'H Z














Q, CFM Ps ,in. H2 HP h„,%
3710 1.78 2.43 42.8
3190 2.60 2.44 53.4
2710 3 13 2.32 57.5
2450 3.38 2.29 56.9
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The following instructions are recommended for the operation of
the fan- dynamometer set:
1. Remove covers from one or more flow metering nozzles, and
ensure that throttling device is OPEN. Note: Throttling
device closes with counter-clockwise motion of hand-crank
opens with clock-wise motion.
2. Close circuit breaker labeled "axial flow fan" located in
wall power panel of laboratory.
3. Close line disconnect switch on speed variator power unit
cabinet.
4. Make sure that all persons and loose objects are clear of
the rotating machinery, and push MG set start button on
speed variator power unit cabinet.
5. Push dynamometer RESET button on cabinet.
6. Push dynamometer START button on cabinet and bring unit up
to speed by speed adjusting control knob. Note: Minimum





The following safety precautions are recommended in connection with
operation of the fan- dynamometer set.
(1) Never perform any work on any circuit, the fan, or the
removable duct until all power is removed from the unit.
(2) Inspect fan- dynamometer set for foreign matter, such as
nuts, bolts, tools, paper, etc, before starting.
(3) Do not wear loose neckties or other loose clothing or
carry loose tools that may get caught in rotating parts,
(4) At least two persons should be present during all testing.












































































































































































































































































































































































1 C + 3
























PLACE FIRST ADDRESS IN B BOX 1.
SECOND ADDRESS IN B BOX 4.
START AT 5000.
FOR REPEAT ENTER NEW ADDRESSES RESTART
SELECTS INTERRUPT















EXIT ON NOT READING
EXIT ON NOT WRITING
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